The host response to infection is the culmination of intricate interactions between a microbe and the host's innate and adaptive immune system. In this context, whereas substantial information is available about the cellular immune response against endemic fungi, the role of antibody in these mycoses is relatively poorly understood (37) . Some mechanisms by which antibodies can protect the host against fungal infections include the agglutination of fungal cells, interference with fungal attachment, enhancement of phagocytosis by host effector cells, neutralization of immunoregulatory molecules, and complement activation (13) . In addition, antibodies are generated that do not confer protection or even enhance disease (13, 14, 40) . Antibody isotypes and their role in the humoral immune response of patients have been studied in several types of mycosis (5, 11, 20, 24, 46, 50) . For instance, in paracoccidioidomycosis, there is a differential expression of isotypes to the major Paracoccidioides brasiliensis antigen, a 43-kDa glycoprotein. Immunoglobulin G (IgG) is found predominantly in patients with the juvenile form of the disease, and IgA is found in patients with the adult form, which has been associated with mucosal protection in the adult form (5) . In chromoblastomycosis, high levels of IgM are observed during the course of the disease, presumably due to constant antigen stimulation by continuous low background fungal degradation (20) .
Sporotrichosis is a chronic granulomatous disease caused by Sporothrix schenckii, a saprophytic dimorphic fungus found on dead or senescent vegetation, such as thorns, hay, straw, sphagnum moss, and wood, and also in soil. For this reason, this subcutaneous mycosis is usually associated with puncture injuries in farmers, florists, leisure gardeners, nursery workers, landscapers, and greenhouse workers. S. schenckii exists as a mycelial form in the environment and as a yeast form in humans and other mammals, as well as when cultured at 35 to 37°C (34) . No sexual stage has been observed, but the sexual or perfect stage of S. schenckii is thought to belong to the genus Ophiostoma (31) .
Disease caused by S. schenckii is usually limited to cutaneous and subcutaneous tissues as a consequence of a traumatic implantation of the fungus into the skin (31, 34) . Clinically, it may manifest as lymphocutaneous, fixed cutaneous, disseminated cutaneous, extracutaneous, and disseminated forms and very rarely as a primary pulmonary disease (4) . The most common form of extracutaneous sporotrichosis is osteoarthritis (32) . Disseminated sporotrichosis is rare, but the frequency of disseminated sporotrichosis is increased in human immunodeficiency virus (HIV)-infected individuals (26, 45) .
The humoral immune response appears to have a role in prevention and control of sporotrichosis in experimentally infected mice (36) ; however, there is no information available about the antibody profile produced during human infection. Recently, our group described an enzyme-linked immunosorbent assay (ELISA) that is useful for detecting antibodies raised against mycelial exoantigens of S. schenckii (3) . An outbreak of sporotrichosis has been occurring in Rio de Janeiro, Brazil, since 1998 (8) . Sera from patients in this region have been collected either before treatment or during treatment with itraconazole. In this report, we describe the presence of IgG, IgM, and IgA antibodies to S. schenckii mycelial exoantigens in sera from patients with sporotrichosis and their application in the serodiagnosis of this mycotic infection.
by the addition of 25 l of 3 M NaOH per well. Absorbances were measured on a microplate reader (Bio-Tek model Quant) at 405 nm. This experiment was done twice on different dates under uniform laboratory conditions to avoid internal variations in order to ascertain the reproducibility of the assay. For each experiment two controls were made: secondary antibody alone to ensure that the reagent was not interacting with the antigen in the plate and a blank control to which no antigen, serum or conjugate was applied. The absorbance value reported for each patient was the mean of the values for each well where the patient's serum was applied.
Cutoff determination. In order to choose the best cutoff value that gives high values of sensitivity and specificity, TG-ROC curves were constructed as previously described (23) . The cutoff point was determined by the optical density (OD) value that corresponds to the intersection point between sensitivity and specificity plots. In order to determine sensitivities of the tests and the cutoff values, only sera from patients without treatment were used, since antifungal therapy can alter the humoral immune response in mycotic infections (20, 49) .
Statistical analyses. Comparisons of means were made by using the Student nonpaired t test using the GraphPad Prism 3.0 software. Analysis of correlations was made by analysis of variance using SigmaPlot 2000 software. A P value of Յ0.05 was considered statistically significant. To evaluate the discriminatory power of the described assays as diagnostic tests, we performed receiver operating characteristics (ROC) analysis of each ELISA using SPSS 14.0, in which sensitivity and specificity were calculated as a function of the cutoff value. For this, (1 Ϫ specificity) was plotted against sensitivity, and the area under the curve was calculated.
RESULTS
TG-ROC curves and cutoff determination. The TG-ROC curves for the IgG, IgM, and IgA ELISAs were determined. The analysis of this curve showed cutoff values of 0.418, 0.284, and 0.223 for IgG, IgM, and IgA antibody detection, respectively.
Antibody detection in sera from patients with sporotrichosis. Fig. 1A shows the OD values for IgG in each unique serum from patients with different clinical forms of sporotrichosis. All sera from patients with the fixed cutaneous form of the disease were positive. Two patients with the lymphocutaneous form (18%), 3 patients with the disseminated cutaneous form (18%), and one patient with extracutaneous sporotrichosis (20%) were negative. No statistical differences were observed between the mean OD values of the different clinical forms. Figure 1B shows OD values for IgG in sera from patients with sporotrichosis receiving itraconazole. There were three patient serum samples that were negative by the IgG ELISA: one with the fixed cutaneous form of sporotrichosis (8%), one with lymphocutaneous sporotrichosis (6%) and one with the disseminated cutaneous disease (20%). The durations of the treatments for these patients were 10, 11, and 4 months, respectively. Figure 1C shows the absorbance values for IgM reactivity in sera from patients with sporotrichosis before antifungal therapy. All of the patients with the fixed cutaneous form of the disease were positive. In contrast, six patients had negative results: one with lymphocutaneous disease (9%), four with the disseminated cutaneous form (24%), and one with extracutaneous disease (20%). No statistical difference was observed between the mean OD values in the IgM detection against mycelial S. schenckii antigens. The profile of IgM response in sera from patients receiving itraconazole is shown in Fig. 1D , where 10 patients (3 with the fixed cutaneous form and 7 with the lymphocutaneous form [25 and 44%, respectively]) were found to be negative by the ELISA.
The IgA reactivity profiles of patients with sporotrichosis before and during treatment are shown in Fig. 1E and F, respectively. Two patients were negative when tested before antifungal therapy: one with disseminated cutaneous disease and the other with the extracutaneous form. These two patients were also negative for IgG and IgM antibodies. As described above, no immune defects were identified in these patients. Four patients on itraconazole-one with fixed cutaneous disease (8%) and three with lymphocutaneous sporotrichosis (19%)-were determined to be negative by the ELISA. No statistical differences in absorbance were seen between the different clinical forms. Analysis of antifungal therapy on antibody profile. The 35 patients with sporotrichosis receiving itraconazole produced antibody at sufficient levels to be detected by at least one of the isotype ELISAs. Twenty-two (62.9%) were positive for IgG, IgM, and IgA, nine (25.7%) had two detectable isotypes, and four (11.4%) had one positive isotype. Figure 2 compares the OD values of sporotrichosis patients before and during antifungal therapy. There were significant differences (P Ͻ 0.001) between the mean ODs of IgM and IgA responses between patients not yet treated (0.79 Ϯ 0.09 and 0.926 Ϯ 0.102, respectively) and those receiving itraconazole (0.42 Ϯ 0.04 and 0.47 Ϯ 0.04, respectively). Although there was a decrease in the OD mean for IgG antibody detection between the two groups (1.28 Ϯ 0.13 prior to treatment and 0.95 Ϯ 0.10 on itraconazole), this difference was not statistically different. Analysis of antifungal therapy on antibody isotype responses in each of the clinical forms of sporotrichosis studied is shown in Table 1 . Significant decreases in IgM and IgA levels were observed for the fixed cutaneous and lymphocutaneous forms of sporotrichosis between the patients prior to treatment compared to those on therapy. No statistical differences were observed in the clinical forms by IgG antibody levels or for IgM and IgA responses in disseminated cutaneous and extracutaneous sporotrichosis. In order to assess the relationship between length of antifungal therapy and antibody levels, we studied the correlation between these two variables (Fig. 3) . A general decrease in levels during treatment time could be observed with each isotype, but the correlation was only significant for IgG and IgM, with P values of 0.004, 0.0160, and 0.074 for IgG, IgM, and IgA, respectively.
Cross-reactions. Cross-reactions between IgG, IgM, and IgA antibodies present in sera from patients with other infectious diseases and in sera from normal subjects are shown in Fig. 4 . There were more cross-reactions with the mycelialphase S. schenckii exoantigens with IgM than the other isotypes. A total of 21 sera (22% of total heterologous sera) had detectable IgM in our assay. Of these, 2 were collected from patients with histoplasmosis ( apy. All sera from normal subjects and patients with tuberculosis or aspergillosis were determined to be negative by the IgA assay.
Comparison between ELISA tests. In order to compare the three immunoassays described, ROC curves were constructed by using the OD values of patients without treatment and the area under each curve was compared. Table 2 reveals that the area under the curve results were IgA Ͼ IgG Ͼ IgM. According to Greiner et al. (22) , the values obtained for the areas under the curves shown in Table 2 classify the IgG and IgA ELISAs as highly accurate tests and the IgM ELISA as a moderately accurate test for the serodiagnosis of sporotrichosis. In addition, we also compared absorbance readings with the three ELISAs as a measure of specific antibody titers for each patient with sporotrichosis without treatment to test for correlation between the levels of different isotypes (Fig. 5) . We found positive correlations for all comparisons (IgG and IgM, r ϭ 0.53; IgG and IgA, r ϭ 0.67; IgM and IgA, r ϭ 0.59), and analysis of variance showed a positive correlation in each instance (P Ͻ 0.05 for all analyses).
Application of specific IgG, IgM, and IgA detection in the serodiagnosis of sporotrichosis. Table 3 shows the parameters obtained for each single ELISA. As suggested by the ROC curve analysis, the best results were obtained for IgA isotype detection, with a sensitivity of 95.1%, a specificity of 91.5%, and an efficiency of 92.6%. In order to check whether the combination of results from two or three assays could improve diagnosis, we repeated the analysis considering as "positive" a serum sample with positive results in two specific isotypes, in all three isotypes tested, and in at least two isotypes. The results of this analysis are shown in Table 4 . We observed a general increase in specificity in all cases due to the fact that 
DISCUSSION
Sporotrichosis is a cosmopolitan disease and is considered the most prevalent subcutaneous mycosis in Latin America (18) . The gold standard method for the diagnosis of sporotrichosis is culture, but the time necessary for fungal growth and identification can be up to 3 weeks. In addition, in cases of extracutaneous disease, collection of clinical specimens may be difficult, requiring invasive procedures. Obtaining clinical specimens is also not possible in cases of spontaneous regression of lesions. As a consequence, the establishment of serological methods for diagnosis and follow-up of therapy in sporotrichosis is urgently needed.
Historically, antibody response against S. schenckii antigens has been detected by using agglutination or immunoprecipitation assays (2, 10, 15, 28, 29, 33, 47) ; these assays do not allow differentiation among different antibody isotypes in the humoral immune response against this dimorphic fungus. More recently, ELISA-based tests have been used to study antibodies produced in sporotrichosis (9, 39, 43) . In contrast to the present study, prior investigations only assayed for IgG isotype responses. However, antibodies of different isotypes can participate in the defense of a host against pathogenic fungi (17, 38, 41) . Although murine data suggest that there are differences in isotype responses to sporotrichosis (36) , there is no detailed information about humoral immune response in human disease. As with many microorganisms, not all individuals in areas of endemicity exposed to the fungus will develop disease, but they may develop a specific humoral response (5, 21) . Because of the lack of knowledge about antibodies produced in sporotrichosis we decided to study IgG, IgM, and IgA responses in the sera of patients with sporotrichosis against the exoantigens produced by this fungus in its infective form.
The majority of our patients with sporotrichosis had antibodies of IgG, IgM, and IgA classes against mycelial-phase exoantigens of S. schenckii on presentation to our clinic, and reactivity persisted during the treatment of the disease, with a trend toward lower reactivity with increasing length of time on therapy. To our knowledge, this is the first report of IgM and IgA antibodies in human sporotrichosis. These two classes of antibodies potentially have important roles in the pathogenesis of the disease. It has been shown that S. schenckii can activate complement by the alternate pathway and that classical activation cannot be excluded (44) . IgM antibodies especially can have a role in the activation of complement by the classical pathway and have been shown to activate complement in several mycotic diseases (30) . Mucosal involvement can occur in sporotrichosis (7, 16, 25, 31, 42) and, in this context, IgA might represent an important mechanism of defense. It is interesting that IgM and IgA antibodies remain at detectable levels in the majority of patients undergoing itraconazole treatment, although the levels differ depending on the clinical form of the patient. Patients with fixed cutaneous and lymphocutaneous sporotrichosis had lower OD values while receiving itraconazole. However, no difference was seen in the mean OD values of IgM and IgA in patients with disseminated cutaneous and extracutaneous sporotrichosis, before and during therapy. This could be due to a higher fungal burden in these patients, leading to continuous antigen presentation and antibody production, especially for IgM antibodies. Most S. schenckii antigens are glycosylated (31) , and the glycosidic moieties could evoke an IgM response. Although the percentage of patients with detectable levels of IgG antibodies increased in the group of patients receiving itraconazole, their mean OD levels did not show a significant decrease for any of the clinical forms studied, which could be due to the long half-life of IgG antibodies. However, this isotype, as well as IgM, appears to decrease in sera during treatment, and they can be used as a marker to study the clinical efficacy of antifungal therapy. Since disseminated cutaneous and extracutaneous sporotrichosis are not common forms of the disease, we did not have a large number of sera from such patients, especially during itraconazole therapy. Hence, it is important to study a larger number of sera from patients with these clinical forms to validate our hypothesis. In fact, we are now studying the antibody response of patients from diagnosis through treatment to better validate the use of these ELISAs in the follow-up of patients after treatment with itraconazole and other drugs. Cross-reactions between fungal antigens have been described in several different studies (9, 12, 27, 28, 35, 49, 51) , and some of them show that S. schenckii cross-reacts against several fungi and some bacteria (27, 28, 35, 48) . We observed that 33% of sera from individuals without sporotrichosis were positive by at least one of our isotype ELISAs. Of the cross-reactive sera, 74.2% of them had only one positive antibody isotype, which we postulate occurred because of similarities between fungal or other microbial antigens instead of previous contact with S. schenckii, since only 2.6% of seroreactive patients with sporotrichosis had only one positive isotype. Even during treatment, patients with sporotrichosis typically were positive by at least two antibody class ELISAs. However, for the other 25.8% of individuals without sporotrichosis and with serological reactivity against S. schenckii exoantigens, especially one patient with histoplasmosis that was positive in all three assays, the possibility of previous contact with S. schenckii could not be discarded, since our patients live in the metropolitan area of Rio de Janeiro, a region where sporotrichosis is endemic (7, 31) .
American tegumentary leishmaniasis is a vector-borne disease caused in Brazil mainly by Leishmania (Viannia) braziliensis, an intracellular pathogen. This unique Leishmania species can cause a spectrum of clinical presentation ranging from self-healing or benign cutaneous lesions to more severe forms, such as mucosal leishmaniasis. This disease had a higher level of cross-reactivity with the S. schenckii antigens. Although Leishmania-S. schenckii coinfection can occur (1), it is an unusual finding, since the routes of transmission for these two diseases are distinct. Cross-reactivity is seen in patients with sporotrichosis when subjected to the Montenegro skin test (6) , and our results show a broad cross-reaction range in patients with leishmaniasis and S. schenckii exoantigens. For this reason, it is necessary to study more specific antigens and/or identify specific epitopes on available antigens to improve the differential serodiagnosis of these diseases that share some clinical characteristics but that have distinct therapeutic conducts.
Serodiagnosis of sporotrichosis by ELISA is a challenging problem, especially in terms of specificity (9) . The increasing awareness of this disease, along with life-threatening disease that may occur in immunocompromised patients (26) and diagnostic challenges, in particular with this latter group of patients, provides a strong rationale for pursuing improved methods of diagnosis. Our previous work on IgG detection in sera from patients with sporotrichosis showed a higher sensitivity value than the one found in the present study. This difference can be explained by some alterations such as different 96-well microtiter plates and conjugate that we introduced in the ELISAs described here in order to allow for IgM and IgA detection. Another factor for the observed disparity can be the different sera used in these studies. Since all sera were randomly selected, some of our sera were collected in the very beginning of the disease, potentially before the immune system could effectively produce specific immunoglobulins. One observation that supports this thesis is that three patients with a negative IgG serology had detectable levels of IgM antibodies. However, ROC curves in both studies present similar areas under the curve (higher than 0.9), indicating that the assays are very accurate tests for sporotrichosis serodiagnosis. In the present study, we noticed specificity values ranging from 77.7 to 91.5%, depending on which isotype was being detected. However, when we combined the results from the three ELISAs, an increase in specificity was observed, particularly when we considered serum samples that had positive results in at least two different isotypes to represent a positive test result. This is significant, since no specific immunological test is commercially available. In conclusion, we strongly suggest that in the serodiagnosis of sporotrichosis that IgG, IgM, and IgA isotypes have to be tested and a combination of results be utilized in order to provide the most accurate result. Finally, it is important to note that serodiagnosis tests in sporotrichosis do not provide a definitive diagnosis; they are conjunctive tools for the diagnosis of this infection. The results must be interpreted according to the clinical findings and the eco-epidemiologic history of the patient.
